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1.1. Solid-phase synthesis of azole-enriched cyclic peptides
Natural product cyclic peptides include a set of compounds in
which the amide bonds have been converted by enzyme-catalysed
post-translational modiﬁcation to ﬁve-membered azole heterocy-
cles, including oxazoles, oxazolines and thiazoles. As many of these
naturally-occurring macrocycles have pharmacological activity,
this rigid scaffold has become a target for drug discovery. Several
azole-based cyclic peptides are effective modulators of the multi-
drug resistance efﬂux pump, P-glycoprotein (P-gp). A recent study
has described the development of a solid-phase strategy for the
synthesis of azole-enriched cyclic peptides which could permit a
mapping of the drug binding sites on P-gp [1].
The method involves the stepwise building of a linear sequence
on Kaiser oxime resin, and employed a cyclitive cleavage process
that separated the compounds from the solid support as macrocy-
cles ready for screening. As a trial synthesis, the mixed thiazole/
oxazole/selenazole (4), was targeted using Kaiser resin (1) and a
t-Boc protection strategy. The ﬁrst (S)-Val-thiazole building block
(2, X@S) was loaded to the resin under a variety of conditions,
and HCTU was found to give the most consistent results. Unreacted
oximes on the resin were blocked by acetylation, and the t-Boc
protecting group removed by treatment with 25% TFA. Washing
to remove any remaining TFA, was followed by coupling of the
oxazole (2, X@O) and selenazole (2, X@Se) under the same HCTU
conditions, monitoring progress by the ninhydrin test and MS anal-
ysis. The ﬁnal step in which the product (3) was cyclised and
cleaved from the resin was undertaken with 6% acetic acid: condi-
tions that activate the oxime ester bond for nucleophilic attack by
the terminal amine. The reaction proceeded for 2 days after which
time no linear precursors were detectable by MS. A simple ﬁltra-
tion and evaporation gave the cyclic product (4) in high purity by
hplc (>93%) and 1H NMR.http://dx.doi.org/10.1016/j.comche.2013.10.001
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Other hexameric triazole cyclic products were made using similar
conditions, including the natural products dendroamide A and
venturamide A. In addition azole cyclopeptides of both larger and
smaller ring size were assembled, however it was found that replac-
ing (S)-Val-oxazole (2, X@O) with (S)-valine to give a smaller ring
size, resulted in a signiﬁcantly reduced product yield due to poor
cyclisation. The synthesis of a heptamer product that had an
additional (S)-valine group also proceeded in poor yield.
This solid-phase synthesis approach has been used to generate a
library of over 100 azoles. The screening of these compounds has
revealed highly potent P-gp modulators and these are currently
under investigation of P-gp binding properties.
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2.1. Polymer supported synthesis
Three new sets of one-pot reactions for the functionalisation of
Wang polystyrene resin and its derivatives have been reported. It
has been shown that it is possible to combine esteriﬁcation and
CuAAC (Copper-Catalysed Alkyne–Azide Cycloaddition) in a
one-pot reaction resulting in a very high yield of product. It is also
possible to combine esteriﬁcation with either Glaser or Eglinton
acetylene-couplings in a one-pot reaction, and the esteriﬁcation,
CuAAC, and Glaser-coupling reactions are all compatible with each
other. All reactions were performed at room temperature while
the only separation method required was ﬁltering and washing
the resin [2].
2.2. Solution-phase synthesis
Using a simple TiO2–(NH4)2S2O8 system and UV light catalysis,
the three-component reactions of cyclic ether, aniline and alde-
hyde can be efﬁciently progressed. 29 substituted amines of varied
structures have been synthesised in up to 97% isolated yields. An
isotope effect study revealed that the rate-determining step might
be the nucleophilic addition step but not radical generation [3].
Fused triazoloquinolines have been prepared starting from (E)-
3-(2-nitrophenyl)-1-aryl-prop-2-en-1-ones and sugar or benzyl
azides in a sequential [3 + 2] cycloaddition reaction, followed by
one pot Pd–C assisted reduction, cyclisation and aromatisation.
The triazolyl fused quinolines with N1-glycosyl substituents as
unnatural nucleosides have inherent potential to generate a library
of compounds for bioevaluation [4].
Novel 1-(10,2,3,30,4,40,6-hepta-O-acetyl-60-deoxy-sucros-60-yl)-
4-substituted-1,2,3-triazoles have been synthesised by microwave
assisted copper catalysed 1,3-dipolar cycloaddition of sucrose
derived azides with terminal alkynes in excellent yields and in
short reaction times. The compound 10,2,3,30,4,40,6-hepta-O-acet-
yl-60-azido-60-deoxy-sucrose was regioselectively synthesised
from sucrose by an improved procedure and used for the cycload-
ditions. By combining carbohydrate and 1,2,3-triazole structural
motifs, a library of 1,2,3-triazole–sucrose conjugates have been
obtained [5].
2.3. Scaffolds and synthons for combinatorial libraries
The rigid piperazine homologue 2,5-diazabicyclo [2.2.1]
heptane (DBH) ﬁnds extensive application in medicinal chemistry
and pharmaceutical research, but access to this scaffold is non-
trivial. A recent publication describes details of a concise synthetic
sequence, featuring a Staudinger reduction of an azide to facilitate
a transannular cyclisation that gives ready access to the DBH scaf-
fold on gram scale [6].
2.4. Solid-phase supported reagents
A new type of water-soluble polymer-supported NADH
co-enzyme model – PAA (polyacrylic acid)-supported Hantzsch
1,4-dihydropyridine ester (PAA–HEH) – has been designed and
synthesised. Catalytic amount of this supported reagent was used
in the hydrogenation of a,b-epoxy ketones to the corresponding
b-hydroxy ketones and showed great catalytic efﬁciency in the
reduction [7].
An efﬁcient one-pot protocol for the synthesis of (E)-nitroal-
kenes by reaction of aldehydes and nitroalkanes in the presence
of polymer-bound triphenylphosphine, iodine and imidazole hasbeen described. Although the reaction works with similar efﬁ-
ciency with triphenylphosphine and its polymer-bound version,
easy removal of the unwanted polymer-bound triphenylphosphine
oxide and its recovery as triphenylphosphine provide an advantage
in the application of this method [8].
An efﬁcient, high yielding, and expeditious method has been
developed for the synthesis of diversity oriented pyrrole derivatives.
These compounds are accessed for the ﬁrst time via a four compo-
nent, one-pot cyclocondensation reaction of amines, aldehydes,
a-methylene ketones, and nitroalkanes using silica supported
tungstic acid as a heterogeneous catalyst. The scope of the domino
reaction was successfully explored in the synthesis of highly aryl-
substituted pyrroles. The catalyst could be recovered easily after
the reaction and reused without any loss of its catalytic activity [9].
2.5. Novel resins, linkers and techniques
No papers this month.
2.6. Library applications
l-Conotoxin KIIIA blocks voltage-gated sodium channels and
displays potent analgesic activity in mice models for pain. Struc-
ture–activity studies with KIIIA have shown that residues impor-
tant for sodium channel activity are presented on an a-helix. The
de novo design and synthesis of a three-residue (Lys7, Trp8,
His12) peptidomimetic based on a novel diketopiperazine (DKP)
carboxamide scaffold has been described. The highly efﬁcient and
divergent synthesis possible from simple building blocks could
facilitate library generation, allowing for improvement in binding
afﬁnity and thus lead to the potential discovery of potent NaV1.7
blockers [10].
The structural diversity of quinolylhydrazides as potent anti-
tuberculars has been explored in a recent paper. The compound
library was synthesised by a molecular hybridisation approach
and tested in vitro against Mycobacterium tuberculosis H37Rv
strains. Among the compounds made, the most promising mole-
cules were found to exhibit 100% growth inhibition at
MIC < 6.25 lg/mL, and moreover, several analogues in the series
also turned out to be excellent anti-tuberculars. To probe the struc-
tural characteristics inﬂuencing the SAR, a classiﬁcation model was
generated using a binary recursive partitioning QSAR analysis [11].
A novel protocol based on size-exclusion chromatography (SEC)
andmass spectrometry (MS) was established to accelerate dynamic
combinatorial chemistry in a recent study. By isolating ligand–tar-
get adducts from the dynamic combinatorial library, ligands could
be identiﬁed directly by MS after denaturation. Three new inhibi-
tors of lysozyme were discovered by this SEC–MS protocol in a case
study, and Km data were also determined [12].
The N-terminal sequence of the Smac/DIABLO protein is known
to be involved in binding to the BIR3 domain of the anti-apoptotic
proteins IAPs, antagonising their action. Based on the well-deﬁned
structural basis for this interaction, a small focused library of C-
terminal capped Smac/DIABLO-derived peptides has been designed
in silico using docking to the XIAP BIR3 domain. The top-ranked
computational hits were synthesised on an alkane sulphonamide
‘safety-catch’ resin, affording the rapid synthesis of the target
peptide library with high ﬂexibility for the introduction of various
C-terminal amide-capping groups. In vitro caspase-9 activity
reconstitution assays of the peptides in the presence of the recom-
binant BIR3-domain of human XIAP revealed N-methylalanyl-
tertiarybutylglycinyl-4-(R)-phenoxyprolyl-N-biphenylmethyl car-
boxamide to be the most potent XIAP BIR3 antagonist of the series
[13].
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analogues have been synthesised through a highly efﬁcient
combinatorial approach. The fragment E was synthesized in 11 to-
tal steps with 6 longest linear steps, and each aldehyde precursor
was prepared via a 3-step sequence. The 9-(S)-epo D and 9-(R)-
epo D demonstrated signiﬁcant difference in inhibition activities
against cancer cell lines and in conformational analysis [14].
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